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The  Earth’s  Changing  Surface 


An  Island  That  Blew  Itself  Up 

KRAKATOA  is  a little  island  near  the  western  end  of 
Java.  It  was  once  much  larger  than  it  is  now.  On  the 
■ night  of  August  26,  1883,  the  island  blew  itself  up. 
To  understand  how  it  could  blow  itself  up,  you  must  know 
that  the  island  is  the  top  of  a volcano.  The  “blowing  up”  was 
an  eruption  so  violent  that  much  of  the  top  of  the  volcano 
was  shot  high  into  the  air. 

In  1877  the  volcano,  after  having  been  quiet  for  more  than 
200  years,  had  rumbled  a warning  that  it  might  soon  erupt. 
No  one  guessed,  however,  that  the  eruption,  when  it  came, 
would  be  one  of  the  most  violent  of  modern  times. 

The  eruption  was  a series  of  terrific  explosions.  When,  after 
36  hours,  they  finally  ended,  half  the  island  was  gone. 

The  noise  of  the  explosions  was  heard  for  3,000  miles.  Rock 
dust  was  shot  20  miles  into  the  air.  There  was  so  much  of 
it  that  even  in  the  middle  of  the  day  it  made  the  region  for 
a hundred  miles  around  Krakatoa  as  dark  as  night.  For  days 
after  the  explosions  stopped,  showers  of  dust  and  cinders 
fell  on  the  decks  of  ships  far  out  at  sea. 

The  coarser  dust  soon  settled,  but  some  of  the  finer  particles 
were  carried  around  and  around  the  world  before  they  finally 
settled  to  the  ground.  Scientists  could  tell  that  there  was 
fine  dust  in  the  air  for  months  by  the  color  of  the  sunsets.  The 
dust  made  the  sunsets  a much  more  brilliant  red  than  usual. 

The  greatest  damage  was  done,  not  by  the  eruption  itself, 
but  by  the  enormous  waves  that  it  caused  in  the  ocean. 
Towering  walls  of  water  as  much  as  50  feet  high  swept 
along  the  nearby  coasts.  Three  hundred  whole  villages  were 
destroyed,  and  more  than  35,000  of  the  people  of  these  villages 
were  killed  by  the  great  waves. 
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An  Earthquake  and  a New  Shore  Line 

Over  a hundred  years  ago  there  was  an  earthquake  in  Chile. 
Earthquakes  are  not  at  all  uncommon  in  that  part  of  the 
world,  but  this  one  was  unusually  violent.  It  was  felt  for  a 
thousand  miles  along  the  coast. 

Valparaiso,  the  largest  city  of  Chile,  is  on  a harbor.  Soon 
after  the  earthquake  the  people  of  Valparaiso  saw  a wrecked 
ship  up  on  the  shore.  But  it  was  not  a ship  that  had  been 
wrecked  in  the  earthquake.  It  had  been  wrecked  many  years 
before.  It  had  been  lying  in  shallow  water  in  the  harbor. 

“The  earthquake  caused  waves  that  washed  the  ship  up  on 
shore,”  you  may  guess.  Instead,  the  bottom  of  the  whole  harbor 
had  been  pushed  up.  Around  the  old  ship  were  the  shell-covered 
rocks  which  had  surrounded  it  at  the  bottom  of  the  sea.  The 
pushing  up  of  the  floor  of  the  harbor  had  both  caused  the  earth- 
quake and  made  a new  shore  line. 

A River  That  Changed  Its  Course 

The  Hwang  Ho  is  one  of  the  great  rivers  of  China.  Its  name 
means  “yellow  river.”  The  name  is  a good  one,  for  the  water 
of  the  river  carries  a great  deal  of  yellow  mud.  It  brings  it 
down  from  the  mountains  and  hills  west  of  the  great  plain  that 
stretches  back  from  the  sea. 

For  a very  long  time  the  Hwang  Ho  followed  the  course  shown 
in  the  left-hand  map  on  page  5.  It  rushed  down  the  steep  slopes 
of  the  mountains  and  hills  and  then  flowed  more  slowly  across 
the  plains.  As  it  slowed  up,  it  had  to  drop  on  its  bed  some  of  the 
mud  it  carried. 

Millions  of  Chinese  farmers  lived  on  the  plain  near  the 
river.  As  the  bed  of  the  river  became  higher,  the  river  could 
more  easily  overflow  its  banks  and  flood  the  farms  near  by 
To  keep  the  river  from  overflowing,  the  farmers  built  artificial 
banks  called  “dikes”  along  it.  As  it  dropped  more  mud  along 
its  course,  the  farmers  built  the  dikes  higher  and  higher.  At 
last  the  bed  of  the  river  was  higher  than  the  farmland  round 
about.  The  river  had  an  elevated  pathway  to  the  sea. 
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In  1852  warm  weather  in  the  western  mountains  made  the 
snow  there  melt  very  fast.  Torrents  of  muddy  water  poured 
into  the  Hwang  Ho.  As  the  farmers  saw  the  water  of  the 
river  rising,  they  hurried  to  build  the  dikes  still  higher.  They 
even  scraped  good  soil  from  their  fields  and  piled  it  on  the 
dikes  to  try  to  hold  the  river  in.  But  in  spite  of  all  their  work, 
the  Hwang  Ho  found  a weak  place  in  the  dike  on  the  northern 
bank  of  the  river.  The  water  broke  through. 

At  first  the  opening  was  small,  but  the  rushing  water  widened 
it.  The  water  poured  through  the  break  and  spread  over  the 
fields.  It  spread  farther  and  farther.  At  last  it  reached 
the  sea  some  300  miles  from  the  old  mouth  of  the  river.  The 
right-hand  map  below  shows  its  new  course  it  followed. 

In  World  War  H when  the  Japanese  armies  came  into  China, 
the  Chinese  saw  a way  of  using  the  Hwang  Ho  to  help  protect 
their  country.  They  made  the  river  flow  again  on  its  old  course 
to  the  sea.  The  Japanese  could  no  longer  use  it  as  a highway 
down  from  the  north  and  it  barred  the  way  to  a part  of  the 
country  that  the  Japanese  had  not  yet  reached.  But  now  that 
the  war  is  over,  the  Chinese,  to  save  farms  that  were  flooded, 
are  starting  the  work  of  shifting  the  river  to  the  new  course 
it  made  for  itself  in  1852. 


Ewing  Galloway 

Cutting  Apart  Two  Continents 

On  October  10,  1913,  the  president  of  the  United  States 
pushed  a button  which  opened  a dike  and  sent  water  pouring 
into  the  largest  ditch  ever  dug — the  Panama  Canal.  Many 
years  before  this  time  people  had  had  the  idea  of  joining  the 
Atlantic  Ocean  with  the  Pacific  Ocean  by  means  of  a canal 
across  the  Isthmus  of  Panama.  In  1880  a French  engineer  was 
given  the  task  of  digging  a Panama  canal.  He  spent  seven 
years  and  many,  many  millions  of  dollars  in  trying  to  cut 
North  and  South  America  apart,  but  he  failed.  His  failure  was 
due  partly  to  yellow  fever,  a disease  that  killed  olf  his  work- 
men almost  as  fast  as  he  could  bring  them  to  Panama. 

In  1904  the  United  States  Government  took  over  the  plan. 
It  had  been  found  that  yellow  fever  is  carried  only  by  one  kind 
of  mosquito.  Conquering  yellow  fever  meant  protecting  people 
from  this  mosquito.  Dr.  William  Gorgas  wag  given  charge  of 
the  war  against  yellow  fever,  and  the  story  of  his  success  is 
one  of  the  thrilling  stories  in  the  history  of  medicine. 

Of  course,  even  with  yellow  fever  conquered,  the  digging  of 
the  canal  was  no  easy  task.  The  distance  across  the  isthmus 


6 


at  the  place  where  the  canal  crosses  it  is  about  40  miles.  The 
land  here  was  not  level.  In  places  it  was  more  than  300  feet 
above  the  level  of  the  sea.  For  a part  of  the  way  the  canal 
had  to  be  cut  through  solid  rock.  In  blasting  the  rock  away, 
millions  of  dynamite  cartridges  were  used.  Where  the  canal  was 
cut  through  soil,  enormous  steam  shovels  took  up  10-ton  bites 
of  soil  at  a time.  More  than  200,000,000  tons  of  rock  and  soil 
were  removed. 

At  one  time  during  the  digging,  an  earthquake  undid  a great 
deal  of  the  work  that  had  been  done.  Time  after  time  heavy 
rains  sent  thousands  of  tons  of  soil  sliding  down  from  the 
banks  into  the  cut. 

The  engineers  had  decided  not  to  try  to  cut  the  canal  down 
to  sea-level  along  its  whole  course.  Since  the  canal  was  not  to 
be  level,  locks  had  to  be  built  in  it. 

At  last,  after  ten  years  of  work,  the  canal  was  finished. 
On  the  day  when  our  president  opened  it,  the  Republic  of 
Panama  decided  to  put  on  its  official  seal  this  new  motto:  “A 
land  divided ; the  oceans  united.” 


Change  and  More  Change 

The  four  stories  you  have  just  read  tell  of  four  changes  in 
the  earth’s  surface.  Probably  you  have  often  heard  some  such 
saying  as,  “Man  is  always  changing  the  face  of  the  earth.” 
This  saying  is  quite  true.  Hour  by  hour  people  are  making 
changes  in  the  earth’s  surface.  They  dig  canals  and  mines. 
They  drain  swamps  and  build  new  land  along  shores.  They 
dam  rivers  to  make  lakes.  They  straighten  rivers  and  make 
them  deeper.  They  have  even  made  rivers  flow  the  other  way. 
The  list  could  be  made  very  long.  But  by  no  means  all  the 
changes  in  the  earth’s  surface  are  man-made.  Only  one  of  the 
four  stories  you  have  just  read  is  a story  of  a wholly  man-made 
change.  The  earth  would  change  even  if  there  were  not  a 
single  person  on  it.  In  fact,  by  far  the  greatest  changes  that 
have  been  made  in  the  earth’s  surface  have  been  made  without 
the  help  of  man.  They  are  natural  changes.  The  rest  of  this 
book  is  about  only  natural  changes. 


7 


An  Everlasting  War 

The  natural  changes  that  are  being  made  in  the  earth’s 
surface  may  be  thought  of  as  parts  of  a great  war  that  has 
been  going  on  since  the  earth  was  young.  It  is  the  war 
between  the  land  and  the  sea.  This  war  never  stops.  In  some 
places  the  sea  is  winning  the  battle.  In  other  places  the  land 
is  winning.  The  picture  on  this  page  is  a view  of  one  of  the 
many  battle  lines. 

Air,  water,  and  ice  are  the  chief  “troops”  that  take  part  in 
the  battle.  They  fight  on  both  sides.  Here  they  build  new 
land  or  make  old  land  higher.  There  they  destroy  land  or 
wear  it  down  to  lower  levels.  The  wearing  away  of  land  is 
called  erosion.  The  opposite  of  erosion  is  deposition. 

Erosion  and  deposition  are  a large  part  of  the  story  of  the 
war  between  land  and  sea.  But  there  are  other  processes  at 
work,  too.  One  of  them  is  volcanism.  You  have  seen  some- 
thing of  volcanism  in  the  story  of  Krakatoa.  Another  is 
diastrophism.  Diastrophism  means  the  movements  up  or  down 
or  sideways  of  the  solid  rock  of  the  earth.  The  story  of  the 
new  coast  line  in  Chile  is  a story  of  diastrophism.  The  picture 
on  page  9 tells  a story  of  diastrophism,  too. 
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The  pillars  are  a part  of  a Roman  temple  built  on  the  shore 
of  the  Mediterranean  more  than  2,000  years  ago.  As  the  years 
went  by,  the  land  on  which  the  temple  stood  slowly  sank. 
In  time  the  temple  was  under  water.  Not  very  long  ago  the 
ruins  of  the  temple  were  pushed  up  to  their  present  position 
by  the  rising  of  the  sea  floor  beneath  them.  In  the  pillars 
there  are  many  holes  bored  by  tiny  sea  animals. 

Like  the  work  of  air,  water,  and  ice,  volcanism  and  diastro- 
phism  may  help  either  the  land  or  the  sea.  Let  us  now  And 
out  more  about  the  part  of  the  war  waged  by  air  and  water. 

The  First  Round  of  the  Battle 

Rivers  cannot  push  whole  mountains  into  the  sea.  Wind 
blowing  over  a bare,  solid-rock  surface  cannot  pile  the  rock 
up  into  a hill.  Waves  can  wash  sand  and  gravel  up  on  shore 
but  not  big  boulders.  Before  wind  and  water  can  move  it,  rock 
must  be  broken  into  small  pieces. 

A geologist,  as  you  probably  know,  is  a scientist  who  studies 
rocks  and  learns  to  read  the  stories  they  have  to  tell.  Not  long 
ago  a geologist  found  an  interesting  boulder  in  the  western 
mountains.  He  was  not  sure  of  what  kind  of  rock  the  boulder 
was  made.  He  wanted  to  take  a small  specimen  back  with  him, 
but,  although  he  had  a hammer,  he  could  not  break  off  a piece. 
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He  did  not,  however,  give  up  the  idea  of  getting  a specimen. 
The  boulder  was  not  far  from  the  bank  of  a little  mountain 
stream.  First  the  geologist  built  a fire  around  the  boulder. 
He  kept  the  fire  burning  until  he  was  sure  the  boulder  was 
very  hot.  Then  he  pried  the  boulder  out  of  its  place  with  a pole 
and  rolled  it  into  the  stream.  As  the  hot  rock  plunged  into 
the  cold  water,  it  broke  into  many  pieces.  Heat  makes  rock 
expand,  or  take  up  more  space.  When  rock  is  cooled,  it 
contracts,  or  takes  up  less  space.  The  rock  of  the  boulder 
expanded  when  it  was  heated.  When  the  boulder  fell  into  the 
stream,  the  outside  of  the  boulder  was  cooled  very  much 
faster  than  the  inside.  It  contracted  before  the  rock  on  the 
inside  had  a chance  to  contract.  The  result  was  the  breaking 
up  of  the  boulder. 

Nature  breaks  up  rocks  just  as  the  geologist  did.  A rock 
surface  may  become  very  hot  as  the  sun  shines  down  on  it. 
At  night  the  outer  part  of  the  rock  may  cool  off  very  quickly, 
and  pieces  of  the  rock  may  be  broken  off.  Such  breaking  up 
of  rocks  is  most  likely  to  happen  at  the  tops  of  mountains, 
where  there  is  less  air  than  at  lower  levels  to  act  as  a blanket. 


10 


Water  expands  when  it  freezes.  If  a rock  is  cracked,  water 
may  run  into  the  crack.  If  this  water  freezes,  it  may  break 
the  rock  in  two  by  expanding.  The  freezing  of  water  in  cracks 
is,  then,  another  way  of  breaking  up  rocks. 

Plants  also  help  to  break  up  rocks.  Suppose  the  seed  of  a 
fir  tree  falls  into  a tiny  crack  in  a rocky  slope.  Suppose,  too, 
that  enough  moisture  is  caught  in  the  crack  to  make  the  seed 
sprout.  At  first  the  roots  of  the  little  tree  are  very  small.  But 
as  the  tree  grows,  the  roots  also  grow.  They  make  the  crack 
wider  and  may  break  a big  mass  of  rock  into  two  or  more 
pieces.  The  tree  shown  in  the  picture  on  page  10  has  probably 
broken  off  chunks  of  rock  from  the  mountain  slope  as  it  grew. 

Pieces  of  rock  that  break  from  steep  cliffs  and  mountain- 
sides often  slide  down  and  build  slopes  called  talus  slopes  at 
the  bases  of  the  cliffs  or  mountains.  You  can  see  talus  slopes 
clearly  in  the  pictures  on  this  page  and  page  2. 

There  are  many  ways  of  breaking  up  rocks  that  are  much 
less  simple  than  the  three  ways  you  have  been  told  about. 

You  are  sure  to  know  that  if  you  let  a piece  of  iron  lie 
out  on  the  ground  for  a few  days  it  is  very  likely  to  rust. 
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Some  of  the  iron  joins  with  water  and  oxygen  in  the  air  to 
form  the  rust.  Some  kinds  of  rock  change, very  much  as  iron 
changes  when  it  is  exposed  to  air.  The  carbon  dioxide  in  the 
air  may  bring  about  changes  in  other  kinds  of  rock.  The 
part  of  the  rock  that  is  changed  may  become  crumbly,  just 
as  iron  becomes  crumbly  when  it  rusts.  In  time  the  rock  may 
crumble  into  tiny  particles. 

The  boulders  in  the  picture  on  this  page  are  covered  with 
small  plants  called  lichens.  Lichens  do  not  have  roots  that 
pry  off  pieces  of  rock,  but  as  they  grow  they  give  off  an  acid 
that  eats  its  way  into  rocks  and  helps  make  them  crumble. 

Pure  water  can  dissolve  very  little  rock  material.  But  rain 
water  is  likely  to  have  dissolved  in  it  some  materials  that  it 
picked  up  as  it  fell  through  the  air.  Among  these  materials  is 
carbon  dioxide.  Water  containing  carbon  dioxide  can  and  does 
dissolve  some  rock  materials.  It  helps  break  up  solid  rock  in 
this  way. 

Scientists  use  one  word  for  the  ways  of  breaking  up  rock 
about  which  you  have  now  been  told.  It  is  weathering. 

As  you  have  seen,  weathered  rock  may  form  talus  slopes  at 
the  bases  of  cliffs  and  mountains.  On  gentle  slopes  and  level 
areas  most  of  the  weathered  rock  stays  where  it  is  formed 
until  it  is  moved  by  wind  or  water.  The  soil  which  covers  most 
of  the  earth’s  land  surface  is  chiefly  weathered  rock. 

Once  broken  up  into  fine  particles,  rocks  can  be  moved 
from  place  to  place  easily.  Weathering  is  the  first  round  in  the 
battle  between  land  and  sea. 
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Rivers  and  the  Work  They  Do 

Some  of  the  rain  that  falls  from  the  clouds  evaporates  as 
soon  as  it  touches  the  ground.  If  the  air  is  very  dry,  it  may 
even  evaporate  before  it  reaches  the  ground.  Some  of  the  rain 
sinks  into  the  ground.  The  rest  runs  off  down  slopes.  Much 
of  it  runs  into  streams. 

If  there  is  any  loose  material  that  can  be  carried  away, 
the  water  running  over  the  surface  is  very  likely  to  carry 
away  some  of  it.  The  steeper  the  slope,  the  faster  water  will 
run  down  it,  and  the  more  broken-up  rock  and  soil  the  water 
can  carry  away.  The  amount  of  water  counts,  too.  The  more 
water  there  is  running  down  the  slope,  the  more  loose  material 
it  can  carry. 

Pure  water  flowing  over  solid  rock  would  wear  it  away  very, 
very  slowly  if  at  all,  but  water  that  is  carrying  sand  and  gravel 
can  wear  rock  away.  Pure  water  in  the  war  between  land  and 
sea  is  like  an  army  without  any  weapons.  Sand  and  gravel 
serve  as  weapons. 

The  Grand  Canyon  is  an  amazing  example  of  what  water 
carrying  sand  and  gravel  can  do.  The  picture  at  the  top  of 
this  page  shows  the  bottom  of  the  Canyon.  The  walls  of  the 
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Canyon  extend  up  several  thousand  feet  above  the  part  shown 
in  the  picture.  This  part  of  the  Canyon  is  called  the  Granite 
Gorge  because  here  the  Colorado  River,  that  made  the  Canyon, 
is  cutting  its  way  down  into  solid  granite. 

Since  most  of  the  water  that  runs  down  slopes  finds  its  way 
into  rivers,  the  story  of  the  work  of  running  water  is  chiefly 
a story  of  the  work  of  rivers.  Probably  you  have  seen  on  bare 
slopes  little  gullies  made  by  water  running  down  the  slopes. 
Many  of  our  rivers  began  in  just  such  tiny  gullies. 

Let  us  follow  the  story  of  one  gully  that  grew  to  be  a river 
valley.  This  gully  started  on  a cliff  along  the  seacoast.  There 
were  many  other  gullies  along  the  same  cliff,  but  the  gully  of 
our  story  was  in  soil  that  was  especially  easy  to  wear  away. 
The  gully  sloped  steeply  toward  the  sea.  Water  from  rains 
ran  down  it  very  fast.  The  gully  grew  deeper  rapidly.  At  the 
same  time  it  grew  longer:  the  water  running  down  the  slopes 
close  to  the  head  of  the  gully  wore  away  the  soil  there,  and 
the  gully  ate  its  way  back  farther  and  farther  from  the  edge 
of  the  cliff. 

As  the  gully  grew  deeper  it  also  grew  wider.  Water  running 
down  the  sides  of  the  gully  wore  away  the  soil  on  the  slopes, 
and  the  gully  swallowed  up  some  of  the  neighboring  smaller 
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gullies.  It  continued  to  grow  deeper,  wider,  and  longer.  After 
many  years  it  reached  back  several  miles  from  the  coast.  It 
now  deserved  to  be  called  a valley,  for,  instead  of  simply 
carrying  water  after  heavy  rains,  it  had  a stream  in  it  the 
year  round. 

The  valley  had  very  steep  sides.  It  was  what  scientists  call 
a V-shaped  valley.  The  picture  on  page  14  shows  a V-shaped 
valley.  Do  you  see  the  V that  the  valley  walls  form? 

The  stream  grew  large  enough  to  be  called  a river.  It 
continued  to  cut  its  way  down  into  the  land.  But  there  came 
a time  when  it  had  cut  down  so  deep  that  for  many  miles  back 
from  the  coast  the  bed  of  the  river  was  very  little  above 
sea-level.  The  slope  of  the  valley  toward  the  sea  was  rather 
gentle.  The  cutting  the  river  now  did  near  the  coast  was 
chiefly  sideways  cutting.  It  swung  to  one  side  of  the  valley 
here,  to  the  other  side  there,  in  curves  called  meanders,  and 
gradually  cut  back  the  walls  of  the  valley.  There  came  to  be 
a broad,  almost  level  floor  between  these  walls.  When  much 
rain  fell,  the  river  often  overflowed  its  banks.  Then  its  water 
spread  out  over  the  flat  valley  floor.  Such  a valley  floor  is 
called  Si  flood  plain. 

The  picture  on  page  16  gives  some  idea  of  how  the  valley 
then  looked.  Notice  the  flood  plain  beside  the  river. 

As  the  river  grew  older,  it  made  its  flood  plain  wider.  Its 
meanders  grew  larger.  Once  in  a while,  after  very  heavy  rains, 
the  water  in  the  river  would  flow  faster  than  usual  and  the 
river  would  cut  off  one  of  its  curves  and  straighten  itself 
somewhat.  The  old  curve  might  become  a swamp  or  a lake. 

As  the  river  grew,  it  came  to  have  many  branches,  or 
tributaries.  Most  of  them  started  as  gullies  in  the  valley  walls. 

The  walls  of  the  valley  became  less  and  less  steep  as  the 
river  grew  older.  The  water  running  down  the  slopes  gradually 
wore  them  away.  At  last  the  river  and  its  branches  wore  all 
the  region  down  until  it  had  everywhere  rather  gentle  slopes 
and  was  nowhere  very  high  above  the  level  of  the  sea. 

The  little  block  diagrams  on  page  17  tell  a story  very  much 
like  the  one  you  have  just  been  told.  The  river  valley  in  the 
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first  diagram  is  young.  The  one  in  the  second  diagram  is 
middle-aged,  or  mature.  The  one  in  the  third  diagram  is  old. 

Saying  that  one  river  valley  is  old  and  another  is  young  does 
not  tell  you  anything  about  the  age  of  the  two  valleys  in  years. 
A river  flowing  over  loose  soil  can  cut  its  way  down  much 
faster  than  a river  of  the  same  size  flowing  over  solid  rock. 
Its  valley  will  become  old  much  sooner. 

A river  valley  may  be  old  in  one  place  and  young  in  another. 
The  farther  back  you  go  from  the  mouth  of  a river,  the 
younger  you  are  likely  to  find  its  valley  to  be. 

Some  rivers  have  rather  different  beginnings  from  the  one 
about  which  you  have  been  told.  A mountain  lake,  for  example, 
might  spill  over  and  start  a new  stream.  But  even  if  rivers 
start  in  different  ways,  their  later  histories  are  much  the  same. 

The  diagrams  on  page  17  tell  of  the  erosion  brought  about 
by  a river.  But  there  is  another  part  to  the  story. 

As  you  remember  from  the  story  of  the  Hwang  Ho,  a river 
may  drop  part  of  its  load  on  its  bed.  A river  flows  faster  near 
its  head  than  near  its  mouth,  because  the  slope  down  which 
it  is  flowing  is  steeper  near  the  head.  When  a river  is  slowed 
down,  it  cannot  carry  so  much  rock  and  soil,  and  some  of  its 
load  may  fall  to  the  bottom  of  the  river. 


During  floods  a river  that  has  a flood 
plain  drops  part  of  its  load  on  the  flood  plain. 
Farmland  on  the  flood  plain  of  a river  is 
likely  to  produce  heavy  crops,  because  the 
fresh  soil  brought  to  it  from  time  to  time 
by  the  river  has  made  it  rich. 

Much  of  the  material  carried  by  rivers 
reaches  the  sea.  When  the  water  of  a river 
meets  the  water  of  the  sea,  it  is  slowed  up  so 
much  that  it  has  to  drop  its  load.  It  drops 
the  heaviest  particles  first  — the  pebbles. 
Farther  out  it  drops  its  sand,  and  still  farther 
out  its  mud.  These  sink  to  the  floor  of  the 
sea.  The  floor  of  the  sea  may  be  built  up  to 
make  new  land.  The  new  land  formed  at  the 
mouth  of  a river  is  called  a delta.  More  than 
one  town  that  used  to  be  a seacoast  town  at 
the  mouth  of  a river  is  now  several  miles 
inland  because  of  a delta  which  the  river  has 
built  out  into  the  sea. 

The  Mississippi  River  has  built  up  one  of 
the  world’s  largest  deltas.  Ages  ago  the 
Mississippi  ran  into  an  arm  of  the  Gulf  of 
Mexico  that  reached  northward  to  about 
where  the  Ohio  River  now  joins  the  Missis- 
sippi. The  Mississippi  began  building  a delta 
out  into  this  arm  of  the  Gulf.  At  last  the 
arm  of  the  Gulf  was  completely  filled  up  with 
material  dropped  by  the  Mississippi.  Still  the 
Mississippi  brought  its  loads  of  pebbles, 
sand,  and  mud,  and  the  delta  grew  more.  It 
extended  out  into  the  Gulf.  The  picture  on 
page  18  is  an  airplane  view  of  New  Orleans, 
a great  city  built  on  the  delta  of  the 
Mississippi.  Notice  that  the  land  round  about 
is  very  flat.  There  are  not  likely  to  be  any 
hills  on  a delta. 
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The  delta  of  the  Mississippi  is  still  growing.  The  amount 
of  material  the  Mississippi  carries  to  the  Gulf  each  year  is 
so  great  as  to  be  hard  to  imagine.  In  a year  it  is  about 
400,000,000  tons ! Most  of  this  material  is  dropped  and  picked 
up  again  many  times  before  it  reaches  the  end  of  its  journey. 

All  the  material  which  goes  into  the  building  of  deltas  is 
carried  along  by  the  force  of  the  flowing  water  in  streams 
and  rivers.  Running  water  carries  away  rock  material  in 
another  way — it  carries  it  in  solution.  Salt  and  calcium 
carbonate,  the  “lime”  of  which  limestone  is  made,  are  two 
of  the  materials  rivers  carry  in  this  way.  These  are  not 
dropped  when  the  water  of  the  river  reaches  the  sea.  But 
they  are  left  behind  when  the  water  of  the  oceans  evaporates 
to  fall  as  rain.  Thus  the  ocean  water  gets  saltier  and  saltier. 
It  would  get  more  and  more  full  of  “lime,”  too,  if  there  were 
not  so  many  billions  of  sea  animals  that  use  “lime”  from  the 
water  to  build  their  shells. 

Now  that  you  know  something  of  the  work  of  rivers,  do 
you  see  that  they  build  up  as  well  as  tear  down  land — that 
they  fight  here  on  the  side  of  the  land  and  there  on  the  side 
of  the  sea  in  the  everlasting  battle  between  land  and  sea? 

Davis  Aerial  Photographic  Service 


Water  Underground 

As  you  have  already  been  told,  some  of  the  water  that  falls 
from  the  clouds  sinks  into  the  ground.  This  water  is  often 
spoken  of  as  underground  water. 

It  is  easy  to  see  how  rain  can  sink  into  soil.  There  are 
always  spaces  between  the  particles  of  soil.  It  is  not  so  easy 
to  understand  that  water  can  also  sink  into  the  unbroken 
rock  beneath  the  soil,  which  is  known  as  bedrock.  Rocks, 
however,  are  porous — that  is,  they  have  tiny  holes,  or  pores, 
in  them.  Moreover,  even  in  bedrock  there  are  cracks  through 
which  water  can  sink.  Sandstone  and  limestone  are  among 
the  rocks  through  which  water  can  sink  most  easily. 

The  water  that  sinks  deep  into  the  ground  does  not  stay 
motionless.  It  moves  about  just  as  water  does  on  the  surface. 
As  a rule  it  does  not  move  nearly  so  fast.  But  it  moves,  and  as 
it  moves  it  plays  its  part  in  the  war  between  land  and  sea. 

You  have  found  out  that  water  on  the  surface  carries  a 
load  in  two  different  ways — by  pushing  particles  along  and 
by  carrying  materials  in  solution.  Water  seeping  through  the 
pores  of  rocks  underground  can  carry  materials  in  the  sec- 
ond way  only. 

Like  surface  water,  underground  water  can  dissolve  very 
little  rock  material  if  it  is  pure.  But  underground  water  is 
almost  never  pure.  It  is  very  likely  to  have  dissolved  in  it 
materials  that  help  it  dissolve  certain  rock  materials. 

The  sketch  on  page  20  shows  part  of  the  inside  of  a cavern 
made  by  underground  water.  It  is  in  a thick  layer  of  limestone. 
The  underground  water  dissolved  the  limestone  that  was  once 
here^^apd  carried  most  of  it  away.  The  queer  “icicles”  and  the 
deposits  on  the  floor  of  the  cavern  were  formed  by  underground 
water.  Those  that  hang  down  from  above  are  stalactites.  Those 
that  rise  from  the  floor  are  stalagmites.  Notice  that  one  of  the 
stalagmites  in  the  picture  is  joined  to  a stalactite. 

The  underground  water  which  forms  stalactites  and  stalag- 
mites in  a cave  seeps  down  through  the  roof  of  the  cave. 
This  water  contains  calcium  carbonate.  Some  of  the  water. 
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as  it  reaches  the  open  air  of  the  cave,  evaporates.  Calcium 
carbonate  cannot  evaporate.  It  is  left  behind.  Gradually 
“icicles”  of  this  mineral  are  formed.  After  they  are  once 
started,  they  grow  just  as  real  icicles  grow.  But  not  all  the 
water  evaporates  from  the  ceiling.  Some  of  it  drips  down 
to  the  floor,  and  some  of  this  in  turn  evaporates,  leaving 
calcium  carbonate  behind.  Thus  stalagmites  grow  up  from 
the  floor.  Every  stalactite  is  likely  to  have  a stalagmite  under 
it,  and  the  two  are  almost  sure  to  meet  if  water  continues 
to  seep  through  the  roof  of  the  cavern. 

Sometimes  the  layers  of  rock  and  soil  above  a cavern  give 
way.  The  hole  left  in  the  surface  of  the  ground  after  such  a 
cave-in  is  called  a sinkhole. 

Underground  water  often  reaches  the  surface.  It  may  soak 
up  through  the  soil  and  evaporate.  It  may  go  up  through 
plants  and  evaporate  from  their  leaves.  It  may  rise  to  the 
surface  in  wells.  It  may  travel  through  a layer  of  porous  rock 
until  this  layer  of  rock  comes  to  the  surface.  Then  a spring 
may  form.  Probably  the  most  spectacular  ways  in  which 
underground  water  escapes  are  in  geysers  and  hot  springs. 

The  sketch  on  page  21  shows  a geyser.  No  geyser  looks  like 
this  all  the  time,  because  no  geyser  is  in  constant  eruption. 
If  you  could  explore  the  geyser  in  the  picture,  or  for  that 
matter  any  geyser,  you  would  find  a narrow,  crooked  “tube” 
filled  with  water,  leading  down  to  some  very  hot  rock  not  far 
below  the  surface.  The  crookedness  of  the  tube  is  important 
in  causing  the  geyser  to  erupt. 

An  eruption  comes  about  in  this  way:  The  water  at  the 
bottom  of  the  tube  gets  hot  and  expands.  If  the  tube  were 
straight  and  wide,  the  colder,  heavier  water  above  would  sink 
down  and  push  up  the  warmer,  lighter  water.  But  since  the 
tube  is  narrow  and  crooked,  the  cold  water  cannot  sink  down 
easily.  Some  of  the  water  deep  in  the  tube  begins  to  boil. 
Steam  which  comes  from  water  boiling  in  an  open  vessel  takes 
up  about  1,600  times  as  much  space  as  does  the  water  it  comes 
from.  If  water  were  boiled  in  a corked  bottle,  the  steam  would 
blow  out  the  cork.  As  soon  as  the  first  bubbles  of  steam  are 
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formed  in  the  geyser  tube,  they  push  up  the  water  in  the  tube, 
and  some  of  it  spills  out.  With  less  water  pressing  down  on 
it,  the  water  below  begins  to  boil  very  rapidly,  and  the  steam 
shoots  the  water  above  it  high  into  the  air.  After  one  eruption 
a geyser  does  not  erupt  again  until  the  tube  of  the  geyser  is 
once  more  filled  with  water  and  some  of  the  water  below  the 
surface  has  once  more  turned  to  steam. 

Hot  springs  are  much  like  geysers  except  that  they  flow 
steadily.  There  is  no  crooked  neck  to  bottle  up  the  water. 
Sometimes  beautiful  terraces  are  built  up  around  hot  springs 
from  the  minerals  in  the  spring  water. 

You  see  now  that  underground  water  plays  its  part  in  the 
war  between  the  land  and  the  sea.  Here  it  helps  tear  down 
the  land.  There  it  builds  the  surface  higher. 


Wind  and  Waves 

All  of  us  know  that  wind  can  blow  sand  and  dust  about.  At 
times  there  are  great  sand  and  dust  storms  in  very  dry  regions. 

Of  course,  the  sand  or  dust  the  wind  blows  from  one  place 
it  must  drop  at  another.  Perhaps  you  have  seen  pictures  of 
Chinese  villages  which  consist  of  a village  square  sunk  far 
into  the  ground  and  of  caves  dug  in  the  dirt  walls  surrounding 
the  square.  The  soil  in  which  these  Chinese  villages  are  made 
is  wind-blown  soil.  It  is  called  loess.  Sand  is  often  piled  up 
into  hills  called  dunes.  The  picture  on  page  22  shows  some  of 
the  queer  crescent-shaped  dunes  in  a desert  of  Peru. 

Sand  dunes  move  unless  they  are  held  in  place  by  plants 
growing  on  them.  The  wind  blows  the  sand  up  one  side  of  the 
dune  and  over  the  top.  Thus  the  whole  dune  slowly  travels.  The 
crescent  dunes  of  Peru  travel  over  the  desert,  moving  always 
with  their  horns  in  front.  Moving  dunes  may  bury  forests, 
farms,  and  even  villages. 

But  the  moving  of  loose  rock  particles  from  one  place  to 
another  is  only  one  of  the  ways  in  which  wind  changes  the 
earth’s  surface.  It  also  wears  away  solid  rock.  Moreover,  in 
lakes  and  oceans  it  piles  up  waves  and  causes  currents  which 
bring  about  changes  in  shore  lines. 
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Wind  blowing  over  bare  solid-rock  surfaces  can  do  little  to 
wear  the  rock  away  unless  it  has  tools  to  work  with.  But, 
given  sand  to  use  in  fighting,  wind,  like  water,  can  wear 
away  solid  rock  fairly  rapidly.  The  picture  on  the  outside 
cover  of  this  book  shows  rocks  carved  by  the  wind. 

There  would  be  some  movement  in  the  waters  of  lakes  and 
oceans  even  if  there  were  no  wind.  The  moon,  as  you  probably 
know,  causes  tides  in  the  oceans  and  to  some  small  extent  in 
lakes.  The  pouring  of  rivers  into  lakes  and  seas  causes  some 
movement  in  the  waters  of  the  lakes  and  seas,  too.  Earth- 
quakes often  cause  great  waves.  But  if  there  were  no  wind, 
the  movements  of  the  waters  of  lakes  and  seas  would  be  very 
much  less  than  they  now  are. 

In  some  places  waves  are  eating  into  the  shores.  When 
waves  fling  not  only  water  but  quantities  of  sand  and  gravel 
against  a shore,  even  a rocky  shore  gradually  gives  way.  The 
shore  pictured  on  page  8 is  being  worn  back  by  the  waves. 

Much  of  the  wearing  away  of  cliffs  along  shores  is  done  by 
undercutting ; that  is,  the  waves  wear  away  the  base  of  the 
cliff,  and  the  rock  above  then  tumbles  into  the  water. 

Much  of  the  rock  and  soil  worn  away  by  waves  finds  its 
way  to  the  sea  floor  far  from  shore.  But  some  of  it  is  dropped 
by  waves  and  shore  currents  to  build  new  land  along  shore. 
The  broad  beach  shown  in  the  picture  on  page  23  was  built  up 
by  waves  and  shore  currents. 

Whenever  you  see  a broad  beach  like  the  one  pictured,  you 
can  now  say  to  yourself,  “Here  the  land  is  winning  the  battle.” 
When  you  see  a shore  like  the  one  in  the  picture  on  page  8, 
you  can  say,  “But  here  the  sea  is  winning.” 
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Fields  and  Rivers  of  Ice 

The  picture  on  page  24  shows  a river  of  ice  moving  down 
a valley  from  an  ice  field  near  the  top  of  a mountain.  Such  a 
river  of  ice  is  called  a valley  glacier. 

The  story  of  all  valley  glaciers  is  much  the  same.  It  begins 
with  the  falling  of  snow  on  mountains.  In  most  places  the 
snow  that  falls  to  the  ground  soon  melts.  But  at  the  tops 
of  mountains  more  snow  may  fall  in  the  winter  than  can  melt 
away  in  the  summer.  In  hollows  and  on  gentle  slopes  there 
come  to  be  thick  fields  of  snow.  Gradually  these  fields  of  snow 
turn  to  fields  of  ice.  The  snow  on  the  surface  melts,  and  the 
water  sinks  down  into  the  snow  below,  only  to  freeze  later 
and  help  turn  the  snow  fields  into  ice  fields. 

As  an  ice  field  on  a mountain  grows  thicker,  the  ice  at 
the  bottom  of  the  field  begins  to  move  outward  because  it  is 
squeezed  by  the  weight  of  the  ice  above.  It  is  squeezed  out- 
ward very  much  as  you  would  squeeze  out  a lump  of  modeling 
clay  if  you  kept  on  piling  other  lumps  of  clay  on  top  of  it. 
Some  of  the  ice  may  move  out  as  a valley  glacier,  just  as  water 
from  a mountain  lake  may  escape  as  a mountain  stream. 

Perhaps  you  have  seen  or  heard  of  snowslides,  or  snow 
avalanches.  You  should  not  think  of  valley  glaciers  as  being 
at  all  like  avalanches.  In  a snow  avalanche  a mass  of  snow 
breaks  away  from  the  slope  on  which  it  has  been  resting  and 
slides  down  the  slope  very  rapidly.  A glacier,  on  the  other 
hand,  does  not  break  away  from  the  ice  field  from  which  it 
starts.  Besides,  it  moves  very  slowly.  Many  glaciers  move 
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forward  only  a few  inches  a year.  The  glacier  does  not  slide 
down  the  valley.  Instead,  its  edge  is  pushed  slowly  down. 

A valley  is  seldom  straight,  and  its  floor  is  never  perfectly 
smooth.  As  the  glacier  moves  down  a valley,  it  usually  has  to 
turn  and  twist  and  go  up  over  rock  projections  that  are  in  its 
path.  These  movements  cause  great  cracks  to  appear  in  the 
glacier.  Such  cracks  are  called  crevasses.  Exploring  glaciers 
is  dangerous  chiefly  because  of  these  crevasses. 

As  a glacier  moves  along,  many  of  the  pebbles  over  which 
it  moves  freeze  into  the  bottom  of  the  glacier.  Then  the  glacier 
is  like  an  enormous  piece  of  sandpaper.  It  wears  off  the  rock 
over  which  it  passes,  just  as  sandpaper  wears  off  wood. 

But  the  glacier  also  acts  as  a plow.  It  pushes  along  in  front 
of  it  much  of  the  loose  soil  on  the  floor  of  the  valley.  It  tears 
up  trees  on  the  sides  of  the  valley  and  scrapes  off  loose  rock 
there,  too.  Young  valleys  along  which  glaciers  travel  become 
U-shaped  instead  of  V-shaped. 

The  picture  on  page  25  shows  a narrow  arm  of  the  sea  of  the 
kind  called  a fiord.  This  fiord  was  once  a river  valley.  A glacier 
moving  down  it  deepened  it  near  the  coast  to  below  sea-level. 
Now  that  the  glacier  has  melted  away,  the  valley  has  become 
an  arm  of  the  sea. 
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A glacier  may  also  carry  rock  material  on  its  surface.  Often 
soil  and  even  big  boulders  collect  on  the  surface  of  a glacier. 
On  a slow-moving  glacier  so  much  soil  may  collect  that  trees 
can  grow  in  it.  One  glacier  in  Alaska  has  had  a forest  growing 
on  it  for  years  and  has  been  carrying  that  forest  to  the  sea. 

If  a river  of  ice  reaches  the  sea,  great  blocks  of  ice  break 
off  from  the  end  of  the  glacier  and  become  icebergs.  But  many 
glaciers  never  reach  the  sea.  As  the  end  of  a glacier  reaches 
lower  levels  and  warmer  regions,  the  ice  may  melt  back  as 
fast  as  it  is  pushed  forward.  Of  course,  if  it  melts  back  faster 
than  it  is  pushed  forward,  the  glacier  in  time  disappears. 

The  piles  or  layers  of  rock  material  which  a glacier  carries 
or  pushes  along  and  which  it  leaves  behind  if  it  melts  are 
called  moraines. 

Not  all  glaciers  are  in  valleys.  In  the  regions  near  the  North 
and  South  Poles  there  are  great  glaciers  that  spread  out  over 
large  areas  of  land.  Most  of  Greenland,  for  example,  is  covered 
by  a glacier.  Such  glaciers  are  called  ice  sheets. 

The  great  Greenland  glacier  is  the  remnant  of  vast  ice 
sheets  that  once  covered  all  of  what  is  now  Canada  and  much 
of  the  northern  part  of  what  is  now  the  United  States.  The 
time  when  much  of  North  America  was  covered  by  these 
glaciers  is  called  the  Great  Ice  Age. 


The  glaciers  of  the  Great  Ice  Age  brought  vast  amounts  of 
soil  from  the  north  and  left  it  in  what  is  now  the  United 
States.  We  know  about  these  great  ice  sheets  largely  by  the 
moraines  they  left  behind  when  they  melted.  In  many  of 
these  moraines  there  are  huge  boulders  brought  from  far  to 
the  north.  Large  boulders  cannot  be  carried  long  distances 
in  any  natural  way  except  by  ice.  The  ice  sheets  of  the  Great 
Ice  Age  smoothed  off  the  tops  of  the  hills  over  which  they 
passed.  They  left  great  scratches  on  the  bare  rock  they  moved 
over.  They  brought  about,  you  see,  tremendous  changes  in  the 
earth’s  surface.  The  glaciers  of  today  are  bringing  about 
similar  changes,  but  they  are  less  important  because  the 
glaciers  of  today  cover  much  less  of  the  world  than  did  those 
of  the  Great  Ice  Age. 

Glaciers  pile  up  moraines,  but  on  the  whole  they  help  the 
sea  in  its  battle  with  the  land.  They  carry  some  rock  material 
to  the  sea  if  they  reach  the  sea.  If  they  do  not,  they  help  the 
sea  by  grinding  up  rocks  so  that  wind  and  running  water  can 
carry  them  to  the  sea. 


Volcanoes 

In  the  story  of  Krakatoa  you  found  that  a volcanic  eruption 
may  help  the  sea  win.  The  island,  you  remember,  was  half 
blown  away.  But  in  many  cases  volcanic  eruptions  build  new 
land  or  build  old  land  higher. 

The  story  of  Bogoslov  Island  is  quite  the  opposite  of  the 
story  of  Krakatoa.  About  150  years  ago  the  natives  of 
Unalaska,  one  of  the  islands  in  the  sea  between  Alaska  and 
northern  Asia,  noticed  a fog  over  the  water  about  40  miles 
west  of  their  island.  This  fog  did  not  disappear  even  on  bright, 
sunshiny  days.  At  last  one  of  the  natives  decided  to  go  find  out 
what  the  fog  was.  He  came  back  much  frightened.  The  sea  in 
the  region  of  the  fog,  he  reported,  was  boiling,  and  the  fog 
was  formed  from  the  steam  rising  above  the  boiling  water. 

A few  weeks  later  the  natives  of  Unalaska  heard  terrific 
explosions  coming  from  the  fog  region.  Earthquakes  shook 
their  island,  and  cinders  and  ashes  rained  down.  As  you  can 
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guess,  a volcanic  eruption  was  going  on.  After  the  rain  of 
cinders  and  ashes  stopped,  the  natives  could  see  a new  island. 
It  was  cone-shaped,  and  lava  and  ashes  were  still  pouring  from 
the  top  of  the  cone.  This  volcanic  eruption,  you  see,  had  made 
new  land.  The  new  island  was  named  Bogoslov  Island. 

How  do  volcanic  eruptions  come  about  ? People  used  to  think 
that  the  whole  inside  of  the  earth  was  hot,  liquid  rock.  The 
solid  rock  at  the  surface  came  to  be  called  the  earth’s  crust, 
although  scientists  now  are  quite  sure  that  the  crust  is  not 
floating  on  a sea  of  hot,  liquid  rock.  But  at  some  places  there 
are  pockets  of  hot,  liquid  rock.  Scientists  call  this  rock  magma. 
These  pockets  are  not  very  far  below  the  surface.  If  the  solid 
rock  above  such  a pocket  of  magma  is  cracked  or  weakened  in 
some  way,  the  magma  may  be  forced  up  through  it.  The  forcing 
up  of  the  magma  to  the  surface  causes  a volcanic  eruption. 

The  magma  may  be  forced  up  chiefly  by  the  weight  of  the 
solid  rock  above  it.  In  most  cases,  however,  gas  is  formed  in 
the  pocket,  and  this  gas  helps  force  the  magma  up.  This  gas 
is  likely  to  be  a combination  of  several  gases.  Among  them  is 
steam  formed  from  underground  water  which  has  sunk  down 
through  the  rocks  to  the  pocket  of  magma. 

Some  volcanic  eruptions  are  not  nearly  so  violent  as  others. 
Lava,  the  name  we  give  to  hot,  liquid  rock  when  it  pours 
out  over  the  surface  of  the  ground,  may  pour  quietly  out  of 
the  opening  leading  down  to  the  pocket  of  magma.  If  the  magma 
rising  in  the  throat  of  a volcano  is  thin,  the  gas  formed  can 
escape  to  the  surface  rather  easily.  But  if  the  magma  is  very 
thick,  the  gas  is  likely  to  blow  some  of  it  high  into  the  air 
and  to  cause  very  violent  eruptions. 

Lava  sooner  or  later  hardens  into  solid  rock.  If  it  is  shot 
high  into  the  air,  it  will  harden  there  into  very  tiny  particles — 
volcanic  ash — or  into  larger  volcanic  cinders. 

We  are  all  used  to  thinking  of  volcanoes  as  mountains. 
But  now  that  you  have  found  out  something  about  volcanic 
activity,  you  may  wonder  why  the  hot,  liquid  rock  from 
underground  should  follow  a course  to  the  top  of  a mountain 
rather  than  a much  shorter  course  to  the  surface  of  the  earth 


on  level  land  or  in  a valley.  The  diagrams  on 
this  page  will  help  you  to  understand.  They 
will  help  you  to  see  that  the  volcano  itself 
builds  its  mountain. 

At  first  the  hot,  liquid  rock  reaches  the 
surface  not  at  the  top  of  a mountain  but  in 
some  plain  or  valley.  Lava  may  pour  out.  If 
so,  it  flows  a little  way  before  it  hardens  into 
solid  rock.  If  lava  is  shot  high  into  the  air, 
the  ashes  and  cinders  from  it  fall  somewhere 
near  the  opening  leading  down  to  the  pocket 
of  hot  rock.  Gradually  a mountain  is  built 
up  around  the  opening. 

You  should  understand  now  how  Bogoslov 
Island  was  formed.  You  could  make  the  set 
of  diagrams  on  this  page  tell  the  story  of 
Bogoslov  Island  if  you  drew  in  the  ocean  in 
each  diagram.  In  the  first  diagram  the  level 
of  the  sea  would  be  far  above  the  top  of  the 
volcano.  It  would  be  only  a little  above  it  in 
the  second.  And  the  top  of  the  volcano  would 
be  above  the  surface  of  the  water  in  the 
third.  Bogoslov  Island,  you  understand,  is 
the  top  of  a volcano  just  as  Krakatoa  is.  The 
eruption  that  blew  up  Krakatoa  would  have 
simply  made  it  larger  and  higher  if  the  gas 
trapped  in  the  magma  could  have  escaped 
easily.  But  for  some  reason  it  could  not 
escape  easily,  and  in  forcing  its  way  out  it 
blew  away  half  the  top  of  the  volcano. 

Many  other  islands  are  the  tops  of  vol- 
canoes. The  Hawaiian  Islands,  for  example, 
are  volcanic  islands. 

At  the  very  top  of  a volcano  there  is  a 
saucer-shaped  hollow  called  a crater.  In  the 
craters  of  some  volcanoes  there  is  always 
bubbling,  red-hot  lava.  Some  volcanoes,  on 
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the  other  hand,  seldom  erupt.  A volcano  which  has  been  quiet 
so  long  that  no  one  expects  it  to  erupt  again  is  called  a “dead” 
volcano.  But  dead  volcanoes  cannot  be  depended  on  to  remain 
dead.  Some  of  the  world’s  worst  eruptions  have  been  eruptions 
of  volcanoes  believed  to  be  dead. 

The  map  on  the  inside  covers  shows  where  most  of  the 
active  volcanoes  of  today  are  to  be  found.  At  many  different 
times  in  the  earth’s  history  there  has  been  much  more  volcanic 
activity  than  there  is  now.  At  some  of  those  times  lava  poured 
out  not  only  from  the  tops  of  volcanoes  but  also  from  great 
cracks  many  miles  long.  Parts  of  Oregon  and  Idaho  were  built 
high  above  the  sea  by  such  floods  of  lava. 

Earthquakes 

Violent  volcanic  eruptions  are  almost  sure  to  cause  earth- 
quakes. It  is  easy  to  see  why.  Explosions  shake  the  surround- 
ing rocks.  Moreover,  when  huge  amounts  of  gas  and  hot, 
liquid  rock  are  forced  up  to  the  surface  from  deep  under- 
ground, there  are  sure  to  be  movements  in  the  rocks  round 
about.  At  least,  some  rocks  must  settle  into  the  space  the 
liquid  rock  took  up  before  the  eruption. 

Earthquakes  that  start  in  the  region  of  a quiet  volcano 
may  be  a sign  that  the  volcano  is  about  to  erupt.  For  example, 
in  the  thirty  hours  before  an  eruption  in  1914  of  the  volcano 
on  the  Japanese  island  of  Sakurajima,  there  were  417  earth- 
quakes on  the  neighboring  shores. 

Although  earthquakes  are  common  in  connection  with 
volcanic  eruptions,  many  earthquakes  have  nothing  to  do 
with  volcanoes.  Any  rapid  slipping  of  the  solid  rock  of  the 
earth  causes  earthquakes.  The  movements  scientists  call 
diastrophism  usually  go  on  so  slowly  that  it  is  hard  to  tell 
that  they  are  going  on.  But  once  in  a while  the  movements 
are  rapid,  and  then  earthquake  shocks  are  felt  far  and  wide. 

Many  of  the  rapid  movements  which  cause  earthquakes 
take  place  along  great  cracks,  or  fractures,  in  the  solid  rock 
of  the  earth.  Such  fractures  cannot  always  be  seen  on  the 
surface.  In  many  cases  they  are  hidden  by  soil. 
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The  little  diagrams  on  this  page  show  one 
way  in  which  masses  of  rock  may  slip  along 
a fracture.  In  the  first  diagram  there  is  a 
fracture  which  runs  between  a farmer’s 
house  and  his  barn.  In  the  second  diagram 
forces  from  deep  inside  the  earth  are  being 
exerted  on  the  masses  of  rock  on  both  sides 
of  the  fracture,  but  no  actual  slipping  has 
taken  place.  In  the  third  diagram  the  masses 
of  rock  on  either  side  of  the  fracture  have 
suddenly  changed  position.  Notice  that  the 
farmer’s  barn  has  been  shaken  down,  and 
that  the  road  and  the  fences  are  out  of  line. 
Such  a change  in  position  of  masses  of  rock 
on  the  two  sides  of  a fracture  is  called  a fault. 

The  slipping  which  results  in  a fault  is  not 
always  sideways  slipping.  It  may  be  up-and- 
down  slipping.  The  masses  of  rock  on  one 
side  of  a fracture  may  be  pushed  up  or  may 
sink  down,  while  the  masses  of  rock  on  the 
other  side  may  move  in  the  opposite  direction 
or  remain  in  the  same  position  as  before. 

Earthquakes  often  do  great  damage.  The 
San  Francisco  earthquake  of  1906  was  one 
of  the  most  disastrous  earthquakes  of  modern 
times.  In  this  earthquake  many  buildings 
were  shaken  down.  The  greatest  damage,  how- 
ever, was  caused  by  the  fires  that  followed 
the  earthquake.  The  earthquake  wrecked  the 
water  mains,  and  there  was  no  water  for 
fire-fighting.  The  San  Francisco  earthquake 
was  caused  by  slipping  like  that  shown  in 
the  little  diagrams  on  this  page. 

There  are  now  in  many  places  instru- 
ments that  keep  a record  of  earthquakes. 
These  instruments  are  called  seismographs. 
Scientists  can  tell,  by  studying  seismograph 
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records  made  at  many  different  places,  where  each  earthquake 
recorded  started  and  how  violent  it  was. 

Earthquakes  are  much  more  common  in  some  parts  of  the 
world  than  in  others.  As  the  map  on  the  inside  covers  shows, 
the  regions  of  the  world  where  earthquakes  are  most  common 
are  very  much  the  same  as  the  regions  where  volcanic  erup- 
tions are  most  frequent.  Together  these  regions  make  up  the 
great  mountain-building  areas  of  the  world. 


Mountain  Building 

One  day  about  twenty-five  centuries  ago,  Xenophanes,  a 
Greek  philosopher,  was  looking  at  a sample  of  rock  he  had 
picked  up  on  the  top  of  a mountain.  He  could  see  clearly  that 
the  piece  of  rock  was  made  chiefly  of  sea  shells.  Sea  shells 
on  the  top  of  a mountain!  How  could  they  have  come  there? 

When  Xenophanes  found  that  much  of  the  rock  at  the  top 
of  the  mountain  was  made  of  shells,  he  decided  that  there 
was  only  one  answer  to  the  question.  The  top  of  the  mountain 


must  have  been  at  some  time  a part  of  the 
floor  of  the  sea.  The  people  whom  he  told  of 
his  idea  made  fun  of  it.  Of  course,  they  argued, 
the  mountain  had  always  been  just  as  it  was 
then.  Mountains,  they  were  sure,  did  not 
change  with  the  ages. 

Hundreds  of  years  later  scientists  discov- 
ered that  Xenophanes,  without  any  question, 
had  been  right.  The  mountain  on  which  he  had 
found  the  rock  made  of  shells  did  not  always 
exist.  Its  top  was  once  part  of  the  floor  of 
the  sea,  just  as  Xenophanes  had  said. 

By  studying  the  rocks  of  which  the  moun- 
tains are  made,  scientists  have  now  found 
out  that  none  of  the  mountains  of  today  were 
here  when  the  earth  first  had  a solid  crust. 
They  have  found,  too,  that  some  of  the 
mountains  of  today  were  made  in  one  way, 
some  in  another,  and  that  some  of  them  are 
much  older  than  others. 

The  diagrams  on  this  page  show  four  of 
the  ways  in  which  mountains  are  made. 
There  are  other  ways,  too,  but  these  four 
ways  are  among  the  most  important. 

The  first  diagram  shows  a volcanic  moun- 
tain. You  have  already  found  out  how  such  a 
mountain  is  made.  A volcanic  mountain,  as 
a rule,  can  be  recognized  by  its  cone  shape. 

The  second  diagram  shows  a mountain 
made  by  folding.  A great  many  of  the  moun- 
tains of  today  were  made  by  folding.  Great 
wrinkles  of  rock  have  been  pushed  up  at 
various  places  on  the  earth’s  surface.  Later 
these^  wrinkles  have  been  carved  by  wind  and 
ice  and  water  into  separate  peaks.  The  New 
Zealand  mountains  shown  in  the  picture  on 
page  31  are  folded  mountains. 
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The  third  diagram  shows  how  a mountain  may  be  made  by 
faulting.  A fault,  you  remember,  is  a change  in  position  of 
masses  of  rock  along  a great  fracture.  There  are  two  faults 
in  the  diagram.  The  section  between  the  two  fractures  has 
been  pushed  up,  while  the  rock  masses  on  either  side  have 
moved  downward. 

The  fourth  diagram  shows  that  a mountain  may  be  made 
by  the  pushing  up  of  hot,  liquid  rock,  or  magma,  between 
layers  of  rock  near  the  surface.  At  first  a mountain  made  in 
this  way  has  a liquid  center,  or  core,  but  in  time  the  magma 
hardens  into  solid  rock. 

You  must  not  picture  mountains  as  being  made  in  a week 
or  a year  or  even  a century.  Only  volcanic  mountains  can  be 
built  up  quickly.  Most  mountain  making  is  a slow  process.  As 
a rule,  the  making  of  a mountain  range  is  the  work  of  many 
thousands  of  years. 

Some  of  the  mountains  of  our  country  are  much  older  than 
others.  The  Appalachians,  for  example,  are  millions  of  years 
older  than  the  Rockies.  The  Rocky  Mountains  are  fairly  young 
as  mountains  go,  but  they  are  old  as  compared  with  the  Alps 
of  Europe.  The  period  during  which  the  Alps  were  pushed 
up  was  one  of  the  latest  great  mountain-forming  periods. 

Although,  so  far  as  we  know,  we  are  not  in  a great  mountain- 
forming period,  probably  some  new  mountains  are  being 
formed.  We  know  that  in  some  places  the  surface  of  the  earth 
is  rising.  But  it  is  rising  so  slowly  that  no  one  notices  it.  A 
scientist  has  recently  reported  that  he  thinks  a new  mountain 
ridge  is  being  pushed  up  in  the  West.  It  will  be  many  thousands 
of  years  before  anyone  is  sure. 

Folded  mountains  and  faulted  mountains  are  built  by  the 
movements  we  call  diastrophism.  In  the  war  between  land  and 
sea  diastrophism  is  very,  very  important.  If  it  were  not  for 
diastrophism,  the  sea  would  long  ago  have  won  the  war. 
Oceans  600  feet  deep  in  their  shallowest  places  would  now 
cover  the  whole  earth. 

Although  wind,  water,  and  ice  both  tear  down  land  and 
build  it  up,  they  destroy  more  land  than  they  make.  If  the 
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material  carried  to  the  sea  and  piled  on  its 
floor  is  not  piled  thick  enough  to  make  new 
land,  it  merely  raises  the  level  of  the  sea  and 
helps  destroy  land.  Since  much  material  is 
simply  dumped  on  the  sea  floor,  wind,  water, 
and  ice  act  finally  on  the  side  of  the  sea.  No 
one  knows  which  side  volcanism  helps  more, 
since,  for  one  thing,  no  one  knows  how  much 
lava  is  poured  out  beneath  the  sea.  But 
diastrophism  acts  finally  on  the  side  of  the 
land.  Although  in  diastrophism  there  are 
downward  movements  as  well  as  upward 
movements,  the  upward  movements  outweigh 
the  downward.  Many  a region  has  been  worn 
down  almost  to  the  level  of  the  sea,  only  to 
be  pushed  up  again  high  above  sea-level. 
Diastrophism  has  saved  the  continents  and 
helped  keep  the  earth  a livable  place. 

The  Story  of  Niagara  Falls 

Probably  you  recognize  the  falls  pictured 
on  page  35.  They  are  the  falls  in  the  Niagara 
River — the  famous  Niagara  Falls.  As  the 
picture  shows,  the  Falls  are  divided  into  two 
parts.  Goat  Island  separates  the  two  parts — 
the  American  Falls  and  the  Horseshoe 
Falls — from  each  other.  Niagara  Falls  are 
thousands  of  years  old,  but  they  have  not 
always  looked  as  they  do  now:  at  first  they 
were  not  divided  into  two  parts.  Neither 
have  they  always  been  where  they  are  now. 
They  have  moved  eight  miles  from  where 
they  first  were.  The  story  of  Niagara  Falls  is 
a story  of  the  work  of  running  water. 

During  the  Great  Ice  Age,  as  you  have 
already  been  told,  much  of  North  America 
was  covered  with  a vast  sheet  of  ice.  At  times 
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the  southern  edge  of  the  ice  sheet  was  being  pushed  forward. 
At  other  times  it  was  melting  back.  Always  the  ice  at  the 
southern  edge  was  melting.  For  many  thousands  of  years 
much  of  the  water  from  the  melting  ice  flowed  to  the  south 
down  what  is  now  the  Mississippi  Valley.  But  at  last  the  ice 
melted  back  so  that  the  southern  edge  was  north  of  what  is 
now  the  region  of  the  Great  Lakes.  The  ice  had  helped  gouge 
out  the  basins  of  the  Great  Lakes  as  it  moved  forward,  and, 
as  the  glacier  retreated,  the  water  from  the  melting  ice  filled 
these  basins.  In  time  the  lakes  overflowed,  but  the  water  did 
not  follow  the  old  pathway  to  the  Gulf.  It  found  an  easier 
pathway  eastward  to  the  Atlantic  Ocean. 

The  water  pouring  from  Lake  Erie  formed  the  Niagara 
River.  In  the  pathway  of  this  river  there  was  a steep  cliff. 
Over  this  cliff  the  river  tumbled  to  form  a waterfall. 

The  layer  of  rock  at  the  top  of  the  steep  cliff  was  very  hard 
limestone.  As  the  river  flowed  over  the  edge,  it  wore  this 
hard  rock  away  very  little.  Under  this  hard  layer  of  rock. 
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however,  there  were  layers  of  much  softer  rock.  As  the  water 
fell,  some  of  it  was  hurled  backward  against  the  soft  rock  of 
the  lower  part  of  the  cliff.  The  water  wore  away  the  soft 
rock.  Farther  and  farther  back  the  falling  water  wore  the 
soft  rock.  At  last  the  hard  upper  layer  stretched  out  like  a 
shelf.  The  limestone  ill  this  layer  was  very  heavy.  With  no 
rock  under  it  to  hold  it  up,  part  of  the  edge  broke  off  and 
came  crashing  down  into  the  bed  of  the  river  below.  The  Falls 
were  moved  back  a little  way. 

This  kind  of  undercutting  went  on  and  on.  When  the  Falls 
wore  their  way  back  to  Goat  Island,  they  divided  because 
part  of  the  water  of  the  river  flowed  around  one  side  of  the 
island,  the  rest  around  the  other. 

Perhaps  the  little  sketches  on  page  34  will  make  the  story 
of  the  Falls  clearer.  Of  course,  the  story  has  not  ended.  In 
time  the  Falls  will  move  past  Goat  Island,  and  then  there  will 
be  only  one  wide  fall.  Still  later,  scientists  think,  the  Falls 
will  disappear.  They  will  get  less  and  less  high  because  of  the 
slope  of  the  layer  of  hard  limestone  until  at  last  they  disappear 
altogether.  But  it  has  taken  thousands  of  years  — 20,000 
perhaps,  perhaps  longer — for  the  Falls  to  retreat  eight  miles. 
There  will  still  be  a Niagara  Falls,  so  far  as  anyone  can  now 
tell,  for  many,  many  thousands  of  years  more. 

See  for  Yourself 

1.  Stage  a miniature  volcanic  eruption  by  burning  ammo- 
nium dichromate  in  the  crater  of  a clay  model  of  a volcano. 

2.  After  a heavy  rain  try  to  And  a place  where  the  water 
of  the  rain  has  started  a small  gully.  Perhaps  you  can  And 
at  the  same  time  a miniature  delta. 

3.  Make  models  in  colored  clay  to  show  the  difference 
between  folding  and  faulting. 

4.  If  you  have  a large,  shallow  metal  pan,  plan  a way  of 
showing  in  it  how  a delta  is  formed. 

5.  If  you  have  a sand  pan,  try  with  an  electric  fan  to  build 
a miniature  sand  dune.  Start  the  dune  by  placing  in  the  pan 
some  small  obstruction  to  stop  the  moving  sand. 
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